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Natriuretic peptides are important 
cardiac hormones that have both 
diagnostic and prognostic values in 
patients vv^ith heart failure (1,2). A-type 
natriuretic peptide (ANP) and B-type na- 
triuretic peptide (BNP) are derivates of 
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precursor hormones, which are split 
into the biologically active peptides 
(ANP and BNP) as well as the biologically 
inactive N-terminal fragments (N-terminal 
pro-A-type natriuretic peptide [NT- 
proANP] and N-terminal pro-B-type 



natriuretic peptide [NT-proBNP]). Because 
of variable accessibility and fragmentation 
of the detected antigen, assays for NT- 
proANP have performed disappointingly 
(3,4). A novel immunoassay has been de- 
veloped that measures a more stable frag- 
ment of proANP, the midregional fragment 
of proANP (MR-proANP). 

Although there are conflicting results 
with respect to the value of biomarkers, 
there is still great interest in developing 
new assays, including MR-proANP, to 
optimize identifying those patients at in- 
creased risk for development of cardio- 
vascular complications (5). Head-to-head 
comparisons between MR-proANP and 
NT-proBNP have shown that both pep- 
tides are comparable in predicting cardio- 
vascular events and mortality, and in 
diagnosing heart failure (6-9). Among pa- 
tients with chronic heart failure, measure- 
ment of MR-proANP even provided 
prognostic information with respect to 
mortality independent of NT-proBNP 
(10,11), There is only one study that has 
specifically investigated MR-proANP in a 
cohort of patients with type 2 diabetes 
(12). This study showed that higher se- 
rum levels of MR-proANP were related 
to the composite end point of cardiovas- 
cular events and deaths. Because heart 
failure is highly prevalent in patients 
with type 2 diabetes, and because its prev- 
alence increases with advancing age (13), 
one may hypothesize that MR-proANP is 
an important risk factor in elderly patients 
with type 2 diabetes. Lower prognostic 
properties of traditional cardiovascular 
risk factors in elderly (older than 75 years) 
patients, compared with younger ones 
(14-18), underline the importance of 
finding new cardiovascular risk factors 
in this specific population. 

In a previous study by our group, we 
found that blood pressure was inversely 
related to mortality in type 2 diabetic 
patients aged older than 75 years (17). We 
hypothesized that heart failure may be a 
possible explanation for the inverse 
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OBJECTIVE — Evidence that midregional fragment of pro-A-type natriuretic peptide (MR- 
proANP) is a marker of mortality in patients with type 2 diabetes is limited. Therefore, we aimed 
to investigate the capabilities of MR-proANP in predicting mortality. We also investigated 
whether MR-proANP influences the relationship between blood pressure and mortality in old 
age. 

RESEARCH DESIGN AND METHODS— In 1998, 1,143 primary care patients with type 
2 diabetes participated in the ZODIAC study. Because blood was drawn for 867 patients (76%) 
and confounders were missing for 19 patients, the final study sample comprised 848 patients. 
After a follow-up time of 10 years, we used Cox proportional hazard models to evaluate the 
relationship between MR-proANP and (cardiovascular) mortality. Harrell C statistic was used to 
compare models with and without MR-proANP. The regression analyses were repeated without 
MR-proANP for patients aged older than 75 years. 

RESULTS — Median MR-proANP in the total study sample was 75 pmol/L (interquartile range, 
48-124 pmol/L). During follow-up, 354 (42%) out of 848 patients had died, of whom 152 (43%) 
deaths were attributable to cardiovascular factors. MR-proANP was independently associated 
with all-cause and cardiovascular mortality, irrespective of age. During old age, there was a 
significant inverse relationship between blood pressure and mortality. This relationship did 
not change after adjustment for MR-proANP. 

CONCLUSIONS — MR-proANP is independently associated with mortality in patients with 
type 2 diabetes. MR-proANP did not influence the inverse relationship between blood pressure 
and mortality in elderly patients. 
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relationship. The primary goal of the cur- 
rent study was to investigate the relation- 
ship between MR-proANP and mortality 
in patients with type 2 diabetes, with a 
special focus on the oldest elderly. We 
also investigated whether adjustment for 
MR-proANP, as a measure of heart failure, 
influenced the inverse relationship of 
blood pressure with mortality in elderly 
patients with type 2 diabetes, as pub- 
lished in our Zwolle Outpatient Diabe- 
tes project Integrating Available Care 
(Z0DIAC)-12 study (17). 

RESEARCH DESIGN AND 
METHODS 

Study sample 

This study is part of the ZODIAC study; 
the design and details of this study have 
been presented elsewhere (19). In this 
project, general practitioners are assisted 
by hospital-based nurses specialized in di- 
abetes in their care of patients with type 2 
diabetes. The patients consult with the 
nurses once per year. During the first year 
(1998) of the ZODIAC study, 1,664 pa- 
tients were assessed for eligibility. A total 
of 338 patients that were already treated in 
the secondary care for their diabetes were 
excluded from participation. Another 57 
patients were excluded because of a very 
short life expectancy (including patients 
with active cancer) or insufficient cognitive 
abilities. Eventually, 1,269 eligible patients 
were invited to participate. Of those, 1,143 
patients agreed to participate in the study. 

Data collection 

Baseline data, collected in 1998, consisted 
of a full medical history, including macro- 
vascular complications, medication use, 
and tobacco consumption. Patients were 
considered to have macrovascular compli- 
cations when they had a history of angina 
pectoris, myocardial infarction, percutane- 
ous transluminal coronary angioplasty, 
coronary artery bypass grafting, stroke, or 
transient ischemic attack. Laboratory and 
physical assessment data, such as lipid 
profile, creatinine levels, urinary albumin/ 
creatinine ratio, blood pressure, weight, 
and height were collected annually. Blood 
pressure was measured twice with a Welch 
Allyn sphygmomanometer in the supine 
position after at least 5 min of rest. For each 
visit, the mean blood pressure of two 
recordings was calculated. 

Measure of heart failure 

The MR-proANP was used as a measure of 
heart failure. Previous studies found that 



the prognostic properties of MR-proANP 
are comparable with those of NT-proBNP 
(6-9). MR-proANP was measured using 
an automated sandwich immunoassay in 
867 out of the 1,143 (75.9%) patients us- 
ing plasma collected at baseline and kept 
frozen at — 80°C until analysis according 
to the instructions of the manufacturer 
(B.R.A.H.M.S. MR-proANP KRYPTOR; 
B.R.A.H.M.S. GmbH, Hennigsdorf/Berlin, 
Germany). The limit of quantitation was 
4.5 pmol/L. The interassay coefficient of 
variation was <6.5% for all MR-proANP 
concentrations >10 pmol/L (4). 

Clinical end points 

We examined two clinical end points in 
this study: all-cause mortality and cardio- 
vascular mortality. In early 2009, the vital 
status and cause of death were retrieved 
from records maintained by the hospital 
and the general practitioners. The causes 
of death were coded according to the 
International Classification of Diseases, 
9th revision (ICD-9). 

Statistical analyses 

We used SPSS version 16.0 (SAS Insti- 
tute, Gary, NC) and STATA version 11 
(StataCorp, College Station, TX) for sta- 
tistical analyses. Continuous variables are 
represented as mean (± SD) for normally 
distributed values and as median (inter- 
quartile range) for the non-normally dis- 
tributed variables. Variables with a 
skewed distribution were logarithmically 
transformed before analysis. Because of 
missing confounders in 19 patients, all 
analyses were performed in 848 out of 
867 patients (98%) whose MR-proANP 
values were determined. 
MR-proANP and mortality. Cox pro- 
portional hazard models were used to 
investigate the association between MR- 
proANP and mortality with adjustment 
for selected confounders. The following 
variables were selected for possible con- 
founding effects: age, sex, smoking (di- 
chotomous), BMI, systolic blood pressure 
(SBP), duration of diabetes, serum creat- 
inine level, cholesterol-to-HDL ratio, 
macrovascular complications (dichoto- 
mous), albuminuria (dichotomous), and 
the use of lipid-lowering and antihyper- 
tensive medications (dichotomous). We 
used three different models: a crude 
model, an age-adjusted and sex-adjusted 
model, and a model in which we addi- 
tionally adjusted for all these mentioned 
variables. Analyses were performed for 
MR-proANP as a continuous variable 
(Log MR-proANP). STATA ph test was 



used to test the assumption of propor- 
tional hazards for baseline predictors. All 
P values for the ph test were nonsignifi- 
cant, meaning that no substantial devia- 
tions were observed. 

In case of a significant association 
between MR-proANP and (cardiovascu- 
lar) mortality, the following analyses were 
performed. Calibration was investigated 
using the Groennesby and Borgan test, 
assessing the goodness of fit (20). Calibra- 
tion is a measure of how well predicted 
probabilities agree with actual observed 
risk. When the average predicted risk 
within subgroups of a prospective cohort 
matches the proportion that actually de- 
velops disease, the model is considered 
well-calibrated. Harrell C statistic was 
used to compare how well the presence 
of MR-proANP in the different models 
used predicts mortality (21). Harrell C 
value is a rank-based measure (more or 
less comparable with the area under the 
receiver-operating characteristic curve). 
The higher the value, the better the model 
predicts mortality. Furthermore, the in- 
tegrated discrimination improvement 
(IDI) was calculated (22). The IDI can 
be interpreted as the difference between 
model-based probabilities for events and 
nonevents for the models with and with- 
out MR-proANP. 

Blood pressure and mortality. The 

multivariate model as described was re- 
peated without MR-proANP for patients 
aged older than 75 years to investigate 
whether the relationship between blood 
pressure and mortality differs between the 
models with and without MR-proANP. 
Analyses were performed for MR-proANP 
as a continuous variable and for MR- 
proANP as a categorical variable. For the 
categorical variable, we used a cut-off 
value of 122 pmolA.. This cut-off value 
was chosen because in patients with 
known chronic heart failure, this value 
had the highest diagnostic accuracy for 
the detection of a left ventricular ejection 
fraction <40% (10). All analyses were 
performed for SBP, diastolic blood pres- 
sure, and pulse pressure. 

Additional analyses, in which we 
used updated mean blood pressure values 
were performed to adjust for changes in 
blood pressure over time. This technique 
is similar to the one used in the UK 
Prospective Diabetes Study (UKPDS) 
(23). For example, at 2 years the updated 
mean of SBP is the average of baseline, 
1-year, and 2 -year values. The relationship 
between MR-proANP, blood pressure, 
and mortality was illustrated by using a 
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Table 1 — Baseline characteristics 



Characteristic 


Total (n = 848) 


Older than 75 years (n = 225) 


Age, years 


70 (60-76) 


79 (77-82) 


Male ^^^^^^^^^^^^^1 


[ 366 (43%) ■ 


85 


BMI, kg/m^ 


_ 29.0 (4.8) 


27.8 (4.5) 


I^HdUc blood DrdHHHmm^^^^^H 


(24.9) 1 


■§■■■15 (23.1) HI 


Diastolic blood pressure, mm Hg 


84.0 (10.8) 


81.8(10.4) 


Pulse pressure, mm He 


70.5 (20.1) 


74.6 (18.2) 


Current smoking 


157 (19%) 


23 (10%) 


Albuminuria present 


J 1 Z /o) 


in ^'=iAo/ \ 

lAA \ lo) 


Cholesterol/HDL ratio 


5.2(1.5) 


4.8(1.5) 




k 7.5 (1.3) 




MR-proANP, pmol/L 


75 (48-124) 


122 (80-184^"* 


Serum creatinine, |JLmol/L 


92 (81-104) 


97 (85-113) 


eCFR, MDRD, mL/min/1.73 m^ 


65 (55-75) 


57 (48-67) 


Treatment of type 2 diabetes 


Diet only 


92 (11%) 


24(11%) 


Oral glucose-lowering agents 


607 (72%) 


164 (73%) 


Insulin 


149 (18%) 


37 (16%) 


Receiving antihypertensive treatment 


415 (49%) 


141 (63%) 


ACE inhibitor n^gmm^mmmii^ 


\ 193 (23%) m 


60 (27%) 


Beta-blocker 


161 (19%) 


41 (18%) 


Receiving lipid-lowering treflHHBHI 


■■94(11%) ■ 


WK^M Hi 


Duration of type 2 diabetes, years 


6(3-11) 


8 (4-13) 



eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease. Data are means (SD), 
medians (interquartile range), or n (%). 



Kaplan Meier curve, for v^hich all patients 
were categorized into four categories: I) 
MR-proANP less than the median and 
SBP greater than median; 2) MR-proANP 
and SBP less than the median; 3) MR- 
proANP and SBP greater than the median; 
and 4) MR-proANP greater than the me- 
dian and SBP less than median. All hazard 
ratios of the blood pressure indices refer 
to a pressure increase of 10 mm Hg. 

Ethics statement 

The ZODIAC study and the informed 
consent procedure were approved by the 
local medical ethics committee of the Isala 
Clinics, Zwolle, the Netherlands. Verbal 
informed consent was obtained for all 
patients by the participating diabetes 
specialist nurses and the consent was 
documented in the patients' records. Ac- 
cording to Dutch law, written informed 
consent was not necessary for this type 
of study in 1998. All data were analyzed 
anonymously. 

RESULTS — The baseline characteristics 
of the study sample are shown in Table 1 . 
Median MR-proANP in the total study 
sample was 75 pmol/L (interquartile 
range, 48-124 pmol/L). For patients 
older than 75 years, the median MR- 
proANP value was 122 (80-184) pmol/ 
L. After follow-up for 10 years, 354 out 
of 848 patients (41.7%) had died. The 
number of deaths attributable to cardio- 
vascular causes was 152 (42.9%). 

Results of the Cox regression analyses 
for the total study sample as well as the 
analyses stratified according to age are 
presented in Table 2. In the overall sam- 
ple and in both age strata, higher levels of 
Log MR-proANP were related to in- 
creased all-cause and cardiovascular 
mortaUty. Harrell C values were the low- 
est for the patients older than 75 years. 
The highest IDI values and the largest in- 
creases in Harrell C values were observed 
for adding MR-proANP to the age-ad- 
justed and sex-adjusted models. Adding 
MR-proANP to the multivariate model re- 
sulted in smaller increases in the Harrell 
C values and in lower IDI values. In pa- 
tients older than 75 years, no significant 
IDI values were found for cardiovascular 
mortality. 

Rates of cardiovascular mortaUty ac- 
cording to different levels of SBP and MR- 
proANP in patients older than 75 years 
are shown in Fig. 1 . The number of car- 
diovascular deaths was the highest in pa- 
tients with MR-proANP levels greater 
than the median and SBP less than the 



median. The lowest number was ob- 
served in patients with MR-proANP levels 
less than the median and SBP greater than 
the median. Hazard ratios for all-cause 
and cardiovascular mortality according 
to different measures of blood pressure 
are shown in Table 3. All blood pressure 
measures were inversely related to all- 
cause mortaUty. For cardiovascular mor- 
taUty, we observed inverse relationships 
for SBP and pulse pressure. Adjustment 
for MR-proANP did not affect the rela- 
tionship for any of the blood pressure 
measures. 

Using updated mean blood pressure 
values and exclusion of deaths in the first 
2 years of follow-up did not relevantly 
change the results (data not shown). The 
Groennesby and Borgan tests showed that 
all models were well-calibrated. 

CONCLUSIONS— Three main con- 
clusions can be drawn from this study. 

First, higher serum levels of MR-proANP 
were associated with increased aU-cause 
and cardiovascular mortality in patients 
with type 2 diabetes, irrespective of age. 
Second, the consistently lower HarreU C 
values in old age showed that the pre- 
dictive capabilities of MR-proANP dimin- 
ish with advancing age. Third, the inverse 



relationship between blood pressure and 
mortality in old age was not affected by 
additional adjustment for baseline serum 
levels of MR-proANP used as a surrogate 
marker of heart failure. 

Adding MR-proANP to models with 
age, sex, and other cardiovascular risk 
factors resulted in increased predictive 
capabilities, as measured with the Harrell 
C and IDI statistics, of both all-cause 
and cardiovascular mortality. Although 
MR-proANP has prognostic value for 
cardiovascular events in patients from 
the general population, results from pre- 
vious studies showed conflicting results 
concerning the association with cardio- 
vascular mortality (5,9,10). In a recently 
published study in the general popula- 
tion, significant associations were only 
found for all-cause mortality (9). How- 
ever, based on the width of the 95% CI, 
a relevant association between MR- 
proANP and cardiovascular mortality 
could not be excluded. In a study with 
chronic heart failure patients, the rela- 
tionship between MR-proANP and car- 
diovascular mortality was similar to the 
study with all-cause mortality (10). 

The predictive capabilities of the var- 
ious models, as measured with the Harrell 
C statistics, increased by adding more 
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Table 2 — Results of the Cox regression analyses of the logarithmically transformed 
midregional fragment of pro-A-type natriuretic peptide, the comparison of predictive 
capability for mortality and cardiovascular events as determined by the Harrell C statistic, 
and the integrated discrimination improvement for adding the peptide to models 2 and 3, 
respectively 





HR 


Harrell C 


Harrell C 


IDI, % 




(95% CI) 


(95% CI) 


(95% CD* 


(95% CI) 


Total study sample 


All-cause JBB^ 


Model 1 


4.16(3.53-4.91) 


0.74 (0.72-0.77) 


NA 


NA 


Model 3 


2.23 (1.78-2.79) 


0.80 (0.78-0.82) 


0.79 (0.76-0.81) 


2.7(1.5-3.9) 


Cardiovascular mortality 


Model 1 


4.79 (3.73-6.16) 


0.76 (0.72-0.80) 


NA 


NA 


Model 2 


3.29 (2.46-4.40) 


0.79 (0.75-0.82) 


0.75 (0.71-0.78) 


4.6 (2.5-6.7) 


Model 3 


2.42 (1.74-3.38) 


0.82 (0.78-0.85) 


0.80 (0.77-0.84) 


1.2 (0.0-2.4) 












All-cause mortality 










Model 1 


4.14(3.27-5.25) 


0.73 (0.70-0.77) 


NA 


NA 


Model 2 


2.90 (2.21-3.80) 


0.76 (0.73-0.80) 


0.73 (0.69-0.77) 


6.5 (4.0-8.9) 


Cardiovascular mortality 


Model 1 


5.62 (3.98-7.94) 


0.77 (0.72-0.82) 


NA 


NA 


Model 2 


4.54 (3.09-6.70) 


0.78 (0.74-0.83) 


0.71 (0.65-0.77) 


8.5 (4.7-12.3) 


MndH 3 




0.83 (0.78-0.87) 


0.80 (0 J5-0.85) 






Sampl 


e older than 75 years 




All-cause JBmI^ 


Model 1 


2.30 (1.75-3.01) 


0.62 (0.58-0.67) 


NA 


NA 










7.6 (3.8-1.4) 


Model 3 


2.07(1.49-2.86) 


0.69 (0.65-0.74) 


0.68 (0.64-0.72) 


5.4(1.8-9.0) 


Cardiovascular mortality 


Model 1 


2.35 (1.54-3.58) 


0.62 (0.55-0.69) 


NA 


NA 


Model 2 


2.22 (1.45-3.40) 


0.63 (0.56-0.70) 


0.56 (0.48-0.63) 


1-7(0.0-3^ 


Model 3 


1.82 (1.08-3.05) 


0.73 (0.67-0.78) 


0.71 (0.65-0.77) 


0.1 (0.0-0.7) 



HR, hazard ratio; IDI, integrated discrimination improvement; NA, not applicable. *Harrell C values for the 
models without MR-proANP. Model 2 is adjusted for age and sex. Model 3 is adjusted for age, sex, smoking 
(dichotomous), BMI, systolic blood pressure, duration of diabetes, serum creatinine level, cholesterol-to- 
HDL ratio, macrovascular complications (dichotomous), albuminuria (dichotomous), and the use of lipid- 
lowering and antihypertensive medications (dichotomous); 



variables to the models. Adding MR- 
proANP to the models with all conven- 
tional risk factors resulted in small increases 
in the C values. The lov^est C values v^ere 
observed in the group of elderly patients, 
indicating that the prognostic properties 
of MR-proANP diminish with advancing 
age. The IDI for adding MR-proANP to the 
fully adjusted models in the sample 75 
years of age or older was significant for 
both all-cause and cardiovascular mor- 
tality. For elderly patients, improvements 
in the IDI were only observed for the 
models investigating all-cause mortality. 
A plausible explanation for the diminish- 
ing properties with advancing age may be 
the phenomenon of competing risks: the 
effect of a certain risk factor on mortaUty 
declines with advancing age because 



other risk factors, including age itself, 
become more important with advancing 
age (24). 

In the current study we had no data 
on NT-proBNP; therefore, we were not 
able to perform a head-to -head compar- 
ison. Previous studies, however, have 
shown that MR-proANP has comparable 
prognostic and diagnostic capabilities as 
NT-proBNP, and it can be considered as 
an alternative for NT-proBNP (6-9). Al- 
though our study showed that MR- 
proANP is an independent risk factor for 
mortality, its practical implications still 
remain to be determined. Based on the 
small improvements in Harrell C values 
when adding biomarkers to the adjusted 
models, one may conclude that the addi- 
tional value of MR-proANP in risk 



prediction seems rather limited. How- 
ever, it is important to realize that it is 
difficult to achieve further improvements 
in risk prediction by adding a biomarker 
to models with all conventional risk fac- 
tors (5). In the current study, the C values 
of the fully adjusted models without MR- 
proANP in the overall population were 
0.79 and 0.80 for all-cause and cardiovas- 
cular mortality, respectively. These values 
leave little room for further improve- 
ments in risk prediction. 

To our knowledge, this is the first 
study investigating whether adjustment 
for natriuretic peptides influences the 
inverse relationship between blood pres- 
sure and mortality in old age. It is impor- 
tant to emphasize that because of the 
observational design of our study, no 
conclusions about causality can be 
drawn. The results from Fig. 1, in which 
the highest mortality rate was observed in 
patients with the highest MR-proANP lev- 
els and the lowest SBP levels, suggest that 
heart failure may explain the inverse re- 
lationship. However, these results were 
not confirmed by the Cox regression ana- 
lyses. Even though we tried to adjust for 
comorbidities and frailty in our analyses, 
it is not unlikely that these factors still 
account for the inverse relationship (re- 
sidual confounding). Odden et al. (25) 
showed that the relationship between 
mortality and blood pressure is influ- 
enced by walking speed, which can be 
regarded as a marker of frailty. Higher 
blood pressure was only associated with 
increased mortaUty among faster walkers 
and no relationship was found for slow 
walkers (25). A subgroup analysis of the 
ADVANCF trial, in which predominantly 
healthy elderly patients were included, 
showed beneficial results of antihyperten- 
sive treatment in patients with type 2 di- 
abetes aged older than 75 years (26). 
These results confirm the hypothesis 
that blood pressure is especially an im- 
portant target for treatment in healthy el- 
derly patients with a low level of frailty. 
Side effects of antihypertensive medica- 
tion and excessive lowering of blood pres- 
sure also should be considered as 
explanations for the inverse relationships 
observed. For example, in the Interna- 
tional Verapamil SR-trandolapril trial, a 
study among patients with type 2 diabetes 
and coronary artery disease, SBP <115 
mm Hg was associated with increased 
mortality (27). Because the majority of 
our elderly population had hypertension 
(84%), and because —64% received anti- 
hypertensive treatment, confounding by 
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75 



5 50 



25 




— r- 
4 



Follow-up (years) 



8 



1 MR-proA NP < median + SBP > median 
1 MR-proAN P + SBP < median 

MR-proAN P + SBP > median 



MR-proANP > median + SBP < median 



1 — 
10 



Figure 1 — Kaplan-Meier curve showing cardiovascular mortality. All elderly patients (n = 225) were divided into four categories. From top to 
bottom, the lines represent the following: 1) MR-proANP < median and SBP > median (green); 2) MR-proANP and SBP < median (blue); 3) MR- 
proANP and SBP > median (orange); and 4) MR-proANP > median and SBP < median (yellow). 



indication also may have led to the inverse 
relationships. 

The main limitation of our study is its 
observational design. Also, the results of 
our blood pressure analyses should be 
used as hypothesis-generating only, be- 
cause the use of baseline serum MR- 
proANP levels as a surrogate measure of 
heart failure has several limitations. First, 
because we only adjusted for a single 
baseline MR-proANP value, we were not 
able to adjust for heart failure that has 



developed during the follow-up period or 
for potential variability in concentrations. 
Second, the evidence for which cut-off 
values should be used in the diagnosis of 
chronic heart failure is limited. The cut- 
off value we used was established in a 
study that compared the prognostic prop- 
erties of MR-proANP and NT-proBNP 
(10). Third, levels of natriuretic peptides 
tend to increase with older age, which 
makes it more problematic to use these 
peptides as a marker of heart failure. 



However, we did observe increased mor- 
tality with higher levels of MR-proANP. 
Another limitation is that ranges of mean- 
ingful improvements are not established for 
the IDI (22). Furthermore, the IDI origi- 
nally had not been developed for censored 
data such as ours. Therefore, the resuks are 
difficult to interpret and caution is needed 
when basing conclusions on the IDI. 
Strengths of our study were its prospective 
design, the high number of deaths after the 
10-year follow-up period, and the addi- 
tional analyses, including the updated 
mean method, we performed. 

We conclude that this study shows 
that MR-proANP is independently asso- 
ciated with all-cause and cardiovascular 
mortality in patients with type 2 diabetes, 
and that its predictive capabiUties de- 
crease with advancing age. 
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Table 3 — Hazard ratios of blood pressure indices for all-cause and cardiovascular 
mortality in patients older than 75 years 





All-cause mortality 


Cardiovascular mortality 


SystoUc blood pressure 


Multivariate 


0.86 (0.80-0.93) 


0.90 (0.79-1.00) 


With log MR-proANP 


0.85 (0.78-0.92) 


0.89 (0.78-0.99) 


With ANP 122 pmol 


0.86 (0.79-0.93) 


0.89 (0.79-1.00) 


DiastoUc blood pressure 


Multivariate 


0.85 (0.73-0.99) 


0.82 (0.64-1.03) 


With log MR-proANP 


0.83 (0.71-0.96) 


0.80 (0.64-1.01) 


With ANP 122 pmol 


0.83 (0.71-0.97) 


0.79 (0.62-1.04) 


Pulse pressure 


Multivariate 


0.85 (0.78-0.93) 


0.90 (0.78-1.04) 


With log MR-proANP 


0.84 (0.76-0.92) 


0.90 (0.78-1.04) 


With ANP 122 pmol 


0.85 (0.77-0.93) 


0.90 (0.78-1.04) 



The hazard ratios (95% CI) refer to a pressure increase of 10 mm Hg. In the multivariate model, sex, smoking 
(yes or no), BMI, duration of diabetes, serum creatinine level, cholesterol-to-HDL ratio, macro vascular 
complications (yes or no), albuminuria (yes or no), the use of lipid-lowering and antihypertensive medi- 
cations (yes or no), and age were selected as potential confounders. In the other models, we additionally 
adjusted for either log MR-proANP as a continuous variable or MR-proANP with 122 pmol/L as a cut-off 
value. 
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